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Abstract
Course-based undergraduate research experiences (CUREs) have emerged
as a means to foster students’ scientific reasoning, promote positive
attitudes and motivations toward research, and increase persistence in the
science, technology, engineering, and mathematics (STEM) fields. In
contrast to prescriptive laboratories, students enrolled in CUREs employ
techniques and skills to collaboratively and iteratively address novel
questions of broad relevance to audiences beyond the scope of the course
itself. While many of the core components of CUREs are perceived to be
relatively straightforward, definitionally-speaking, this latter dimension of
broader relevance has, in contrast, remained largely ill-defined. In the series
of studies presented herein, a unique opportunity to achieve clarification of
this component will be undertaken using a two-pronged approach. First, a
literature review of biological sciences CUREs will be conducted. Specifically,
published CUREs will be assessed as a means to both determine the extent
to which practitioners explicitly incorporate broader relevance into their
CUREs and, if so, what type(s) of broader relevance are included. Relatedly,
it has been observed that few studies have acknowledged the possibility of
cohesiveness between museum education (as a form of broader relevance)
and biological sciences CUREs. This will be the focus of the second study,
which will examine stakeholder (e.g., University of Texas at El Paso [UTEP]
students, faculty, and staff; external visitors) perceptions of a student-
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generated museum exhibit installed in the UTEP Centennial Museum as part
of a one-semester, introductory biology Pollinator CURE. Collectively, these
studies will provide new insights into how to best address broader relevance
in CURE contexts, thereby optimizing the potential for CUREs to advance
students’ academic and professional growth.
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Chapter 1: Introduction and Rationale
Background
Almost three-quarters (70%) of high school students elect to pursue higher
education, with a fraction of those students (approximately 30%)
intentionally seeking to obtain a degree in the science, technology,
engineering, and mathematics (STEM) fields (McFarland et al., 2018). While
this is the case, nearly 50 - 60% of those same individuals will choose to
pursue other majors or dematriculate from the university entirely, often in
their first year of studies (Kendall et al., 2014; McFarland et al., 2018).
Documented reasons for these high rates of attrition vary, ranging from
negative perceptions of introductory classroom environments to a lack of
“habits of the mind” (Conley, 2003; Costa & Kallick, 2008; Ost, 2010; Rask,
2010). Regardless, the consequences of this duality between student
interest and retention have led to the United States being ranked 20th in the
world for college students who earn STEM degrees (Kuenzi, 2008), signaling
the need for change.

Indeed, calls to action have been vocalized for over 20 years expressing the
need for STEM educational reform (BIO2010, 2003; Clough & Olson, 2008;
Klein, 2014; National Academy Press, 1996). Notably, these efforts have, at
least in part, emphasized the importance of engaging students in scientific
research as a means to enhance their retention in STEM (American

1

Association for the Advancement of Science [AAAS], 1993; Brewer & Smith,
2011; Rodenbusch et al., 2016; Smith, 2018; Spell et al., 2014; Wei &
Woodin, 2011). Yet, access to apprenticeship-style research opportunities
are often limited (Lopatto, 2007; President’s Council of Advisors on Science
and Technology [PCAST], 2012; Rodenbusch et al., 2016; Seymour et al.,
2004; Wei & Woodin, 2011), necessitating alternative approaches to
providing such an educational experience. One proposed mechanism to
achieve this goal is through the introduction of course-based undergraduate
research experiences (CUREs), as described at greater length below.

CUREs as a Model for Laboratory Education in the Biological Sciences
Prescriptive (or “cookbook”) laboratory exercises have persisted for several
decades within biological sciences curricula, wherein students perform
investigations for which there are already-established answers (Olimpo et
al., 2016). Often, these exercises parallel content taught within the
accompanying lecture portion of the course and have thus included activities
such as lecturing in front of biological specimens, showing detailed
information about those specimens, and testing what knowledge students
had accrued (Lord, 1997). Despite their heavy emphasis on rote
memorization and linear progression through the scientific method, attempts
at introducing active-learning modalities (e.g., making predictions) into this
style of laboratory instruction have been made in an effort to help students

2

better understand the outcomes of their investigations while explaining the
information to their peers. Broadly-speaking, the shift toward a more
interactive learning environment was intended to promote positive student
attitudes and increase their learning (Lord, 1997). Despite the importance of
this transition, however, prescriptive laboratory coursework continued to
portray an unrealistic view of science including how scientific research is
performed (Domin, 1999; Weaver, 2014).

In response, inquiry-based laboratories began to be developed, wherein
students were afforded the opportunity to determine one or more
components (e.g., the research question to be addressed) of an
investigation themselves with assistance from the course instructor (Weaver,
2014). Some inquiry-based laboratories even incorporated entirely openended inquiry instead of strictly following explicit directions, the intent being
to encourage student agency and autonomy (Weaver, 2014). Although often
chaotic because it can be difficult for students to make their own decisions
when they are used to being given exact directions to follow, this type of
laboratory experience was viewed as a marked improvement over traditional
laboratories.

Despite the continued need for increased access to authentic research
experiences for all students, various challenges from budgetary constraints
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to faculty availability persisted (National Academies of Sciences,
Engineering, and Medicine (U.S.) et al., 2017). A proposed solution to these
difficulties is course-based undergraduate research experiences. This
opportunity is exceptional because registering for the laboratory course is
the only background that a student needs in order to participate in the
research process (Bangera & Brownell, 2014). In comparison to the
aforementioned laboratory formats, CUREs involve students in applying
scientific techniques and skills to address novel questions of interest to the
broader lay and/or scientific communities (Figure 1). Practically-speaking,
CUREs can even help produce publishable scientific information and move
the professor’s work forward when executed properly (Auchincloss et al.,
2014; Shortlidge et al., 2016), illustrating the extent to which CUREs
promote achievement of both pedagogically- and research-oriented goals.
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Figure 1. Five dimensions of course-based undergraduate research experiences (CUREs).

Many benefits have been noted as a result of student engagement in CUREs
(regardless of biological subject matter), including that students begin to
think in a more scientific manner; they come to understand that
collaboration is imperative for a successful project; and their ability to
analyze and interpret data improves as a result of conducting research
(Auchincloss et al., 2014; Brownell et al., 2015; Spell et al., 2014). Student
motivation (e.g., self-efficacy), attitudes about research, and enjoyment of
the subject matter have also been shown to increase as a result of their
participation in CUREs (Brownell et al., 2017; D’Arcy et al., 2019; Esparza et
al., 2020; Harrison et al., 2011; Lopatto, 2007; Olimpo et al., 2016), often
leading to subsequent increases in student persistence (Rodenbusch et al.,
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2016). Cited gains do not extend only to the students, either. CUREs have
furthermore been argued to have a positive impact on educators, including
broadening instructors’ interests in teaching and promoting opportunities for
establishing stronger rapport with students (Shortlidge et al., 2016).

The Need for a Refined Definition of Broader Relevance
Among the five dimensions of CUREs described in the preceding section,
broader relevance arguably remains the most ill-defined. In their 2014
meeting report, Auchincloss and colleagues state that broadly-relevant
research (or “important work”) should have impact beyond the classroom
and course content to include the generation of products such as scientific
presentations, peer-reviewed publications, and white papers. This research
should consider who is involved in the CURE, to whom this information is
novel, who is/are the intended audience(s), and how to best articulate the
CURE findings to that/those audience(s). This existing definition implies that
there is not just a single audience, purpose, or stakeholder with respect to
broader relevance and suggests that the enactment of broader relevance in
CUREs has the ability to be variable while still remaining contextually
appropriate.

It is important to acknowledge that an emphasis on “important work” is not
unique to CUREs. The National Science Foundation (NSF), for instance,
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requires that broader relevance, albeit being called broader impacts, be
addressed as part of the research proposal submission process. The previous
director of the NSF Division of Mathematical Sciences, Peter March,
suggested that broader impacts include increased discovery and
understanding through learning, greater participation of underrepresented
groups in STEM, enhancement of research and education infrastructure,
dissemination of research outcomes to others beyond college or university
settings, and a myriad of other potential societal benefits (Kamenetzky,
2013). Given that CUREs are intended to reflect the true nature of scientific
research, congruency between Auchincloss and colleagues’ (2014) definition
and the one provided by the NSF is not surprising. However, the increasingly
variable structure of CUREs (Olimpo et al., 2016; Spell et al., 2014) as well
as continued interest in CURE development among practitioners warrants
increased attention to the unique capacity of CUREs to inform the broader
communities that they serve.

Moreover, clarification of what is meant by the term “broader relevance” and
how one can effectively achieve broader relevance in their CURE is
imperative due to the close purported relationship between this dimension
and that of discovery (e.g., Brownell & Kloser, 2015; Corwin et al., 2015). In
some instances, research has even suggested that discovery and broader
relevance are perhaps not important components for nonmajors taking
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biological science classes (Ballen et al., 2018), although this publication was
met with an almost-immediate response expressing concerns regarding the
methodological rigor of the article (Corwin et al., 2018). Others have
contended that including all CURE components would be unfeasible (Brownell
& Kloser, 2015), imposing a greater workload upon faculty. However, if
discovery is the generation of new scientific knowledge and broader
relevance is community interest in that scientific knowledge, I argue that
these concepts are interrelated although not identical concepts.
Furthermore, rather than ignoring or eliminating broader relevance as a key
component of CUREs (as an extreme case), instructors should purposefully
and intentionally consider how to integrate broader relevance into their
courses as part of the development/planning process, perhaps even in a
creative way that has not been previously articulated elsewhere.

To explore the aforementioned caveats in greater detail, the proposed
studies first aim to assess readily-available biological sciences CURE
publications to determine whether or not instructors are explicitly attending
to broader relevance in their courses, and, if so, in what way(s). Data
obtained from this study will likewise inform the development of
recommendations for achieving and assessing various types of broader
relevance in CUREs, which will ideally be of practical use to both novice and
veteran CURE facilitators.
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A second, complementary study will evaluate student-, faculty-/staff-, and
visitor-level outcomes within the context of a CURE incorporating a museum
exhibit as a capstone project for course participants. Results generated from
this research are intended to speak to the potential value of museum
exhibits as a means to achieve broader relevance in CUREs.

Collectively, by examining both the definitional and operational aspects of
broader relevance in CUREs, the proposed work will provide novel insights
into best practices for maximizing student learning and success in such
environments.
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Chapter 2: [Re]creating an Operational Definition of Broader
Relevance in CUREs
Introduction
Achieving a consensus definition of broader relevance is critical; otherwise,
we will arguably remain limited in our ability to understand how CUREs
impact the larger scientific and non-scientific communities that they serve.
Furthermore, absence of such a definition would lead to continued difficulty
in tracking how broader relevance is achieved in CURE contexts. Few studies
have empirically explored this dimension of CUREs in the biological sciences,
so it remains unclear as to what extent CURE facilitators are incorporating
broader relevance into their courses on a practical level (e.g., AdkinsJablonsky et al., 2020; Cooper et al., 2019; Olimpo et al., 2019). I sought to
address this concern by focusing on the following questions:

1. To what extent do published examples of CUREs in the biological
sciences explicitly discuss broader relevance?
2. If described, what type(s) of broader relevance are typically
incorporated into the aforementioned CUREs?

Outcomes of this exploratory study are intended to provide insight into: (a)
the types of broader relevance evidenced in CURE publications and the
frequency with which each type of broader relevance is employed; (b) if
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there are more fruitful ways to integrate broader relevance into the
biological sciences CURE classroom; and (c) proposed mechanisms for
effectively integrating broader relevance into one’s CURE.

Methods
Identifying Relevant Literature
An initial search was conducted on Google Scholar using the following
Boolean operators: “Biology CURE” and “Biology Course-based
Undergraduate Research Experience.” This search returned 35 articles that
were readily accessible through open sources or The University of Texas at
El Paso library subscriptions. Of those sources, two did not focus on CUREs
but instead included the word “cure” as a keyword for search purposes.
These papers were removed after verifying that they did not center on
course-based undergraduate research experiences. The other papers were
read in their entirety. In addition to curriculum-oriented articles, the search
returned several seminal papers describing the features of CUREs (e.g.,
Auchincloss et al., 2014) and/or mechanisms for implementing CUREs (e.g.,
Ballen et al., 2017; Corwin et al., 2015). Taking these considerations into
account, the number of viable papers dropped to 13. This number was
insufficient for generating a representative understanding of the types of
CUREs offered in the biological sciences, much less whether broader
relevance was defined or integrated within CURE learning environments.
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A second search was therefore conducted via Google Scholar using the
Boolean operators “Science CURE” and “Science Course-based
Undergraduate Research Experience.” This search resulted in the
identification of approximately 190 papers. However, by modifying the word
“biology” to “science,” the search parameters were too wide for the literature
to be useful for examining broader relevance in biology-based CUREs. As
was the case previously, there were also multiple papers that used the
keyword “cure” without the intent being to focus on course-based
undergraduate research experiences.

In an effort to conduct a more focused search, a collaboration was initiated
with Dr. Ginger Fisher (University of Northern Colorado). Dr. Fisher had
previously performed a query of the CURE literature using Google Scholar,
ERIC, EBSCOhost, and Web of Science, along with the Summon function
offered by the University of Northern Colorado. Summon provides sources
from the entire library collection, databases the university has access to, and
open access collections. The Boolean operators for this search were:
“Course-Based Undergraduate Research Experience,” “Course based
undergraduate research experience,” “CURE,” “Undergraduate Research
Experience,” “URE,” and “authentic research experience.” Dr. Fisher was
kind enough to allow us access to the resultant literature database, which
included a total of 275 papers.
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The 275 papers were then investigated for criteria that aligned with the
definition of CUREs (as stated in Auchincloss et al., 2014). The working
dataset included articles from the mid-nineties, before coinage of the term
but with the necessary components, to early 2020. Snowball sampling was
employed to identify articles present in journals with limited indexing (e.g.,
CourseSource), thereby increasing search coverage. Papers that did not
align with Auchincloss and colleagues’ CURE framework and that were
outside of the discipline were excluded from the study. Considering the 13
viable papers from the original Boolean search, a total of 217 publications
were identified for initial coding as part of this study of broader relevance in
CUREs.

Coding the Literature: Phase 1
A subset of ten of the aforementioned articles was chosen and read at
random for the purposes of developing an initial coding scheme (Elliott,
2018; Rabinovich & Kacen, 2013; Vaughn & Turner, 2016). Each article was
read by two individuals in the field of biology education and/or
environmental sciences to establish initial interrater reliability (McHugh,
2012; Tinsley & Weiss, 1975). These two individuals then met to discuss the
coding scheme and elected to subsample papers in the literature database
again in order to refine the coding protocol. After several iterations, the final
protocol included seven dimensions, as illustrated in Figure 2.
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STEM Majors
Non-STEM Majors
Open to Everyone
Not Specified

Class Designation

Introductory
Advanced
Undergraduate Classification
All

CURE Focus or
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Proprietary Information
(DOI, Authors, Etc.)

CURE Length
Yes

Called a CURE by Author(s)
No
Used the Words "Broadly Relevant" or
"Broad(er) Relevance"

If "Yes," Their
Definition

Discovery as Broader Relevance
Databases or Citizen Science
Projects

Types of Broader
Relevance

Official Publications
External Presentations and/or
Open to the Public
Museum Exhibits
Civic Engagement or Service
Learning

Other

Figure 2. The initial literature coding scheme for broader relevance in biology CUREs.

Coding the Literature: Phase 2
After the first phase of coding, it was determined by the research team that
the coding procedures were too subjective. Specifically, the 307 linked
14

ideas/concepts that had been coded initially may have been related to
imperative CUREs concepts, but many of the papers did not explicitly state
that the publication focused on implementation of a course-based
undergraduate research experience. In the interest of objectivity, it was
decided that the research team should revisit the literature database and
filter out any publications that did not explicitly use the term “CURE” or that
only focused on theoretical findings related to CUREs. This filtering caused
the number of publications to drop from the initially-coded 217 papers with
307 concepts to a resultant 74 papers. While this outcome is conservative,
we felt it important not to assume that a course was a CURE without being
identified by the authors as such, even if that identification was questionable
given existing CURE frameworks (e.g., Auchincloss et al., 2014).

Furthermore, the coding scheme was simplified to look for specific terms
commonly associated with broader relevance efforts, as determined by
information generated during the first literature coding phase (Table 1). The
“find” function in Adobe Acrobat Reader was employed to search for each of
the corresponding words and/or phrases. Using the find function not only
increased the coding speed, but it also made possible the potential for others
to replicate our approach. For each hit, the surrounding text was examined
to verify if the term/phrase was being used as intended per the codebook.
Each of the 74 articles was coded by two individuals with expertise in biology
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education using a binary scheme, where “1” indicated the presence of the
term/phrase and “0” indicated its absence. Strong interrater reliability was
observed (κ = 0.854; p < 0.001; 95% CI (0.791, 0.918)), with all disputes
resolved via discussion between coders during the consensus coding phase.

Table 1. Broader relevance in CUREs coding word list.

Databases, Civic
Science, or Civic
Engagement:

Official
Academic
Publication:

Online
Datab(ase, ank)
Citizen science
Community
(science)
Crowd (science)
Civic (science)
Participatory
(science)
Network
Consortium
Civil
Service
File
Entry
Repository

Publi(cation, sh)
Collaborate
Contribute
Manuscript
Article
Authorship

Presentation
(external to
classroom or
open to
community):
Symposium
Poster
Present
Conference
Roundtable
Talk
Conversation
Panel

Discovery is
Considered
Relevance (class
assignments):
Discovery*
Assignment
In-class (in class)

*a quote was
listed for each
example of why
discovery is
commingled with
relevance

Results
Of the 74 articles evaluated, nearly half (49%) solely described products
generated for in-class purposes, including end-of-term research papers and
poster/oral presentations. From a qualitative standpoint, it is interesting to
note that, in several instances, students were prompted to structure these
products in a manner similar to that which would be done in the scientific
16

arena (e.g., formatting a research paper according to a specific journal’s
author guidelines). Thus, although these products were never disseminated
beyond the classroom, students engaged in relevant practices inherent of
the discipline.

External presentations were the most common form of broader relevance
observed, representing 66% (or 25 papers) of articles that included any
form of broader relevance, as defined by Auchincloss et al. (2014). This was
followed by peer-reviewed publications (planned or in press) and citizen/civic
science efforts, which represented 37% (or 14 papers) and 31% (or 12
papers) of all articles that explicitly discussed broader relevance,
respectively. Lastly, we observed only one instance in which museum
education was integrated into a CURE as a form of broader relevance, and
no alternative methods for achieving broader relevance were noted.

Post hoc qualitative analyses likewise revealed no association between type
of broader relevance (or lack thereof) and either course topic or academic
level. In other words, both lower- and upper-division biology CUREs adopting
course-specific and national CURE models made use of the spectrum of
approaches referenced in the preceding paragraph. Furthermore, less than
10% of CUREs described in the 38 articles that explicitly included broader
relevance employed more than one type of broader relevance.
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Conclusions
The above findings suggest that broader relevance is primarily achieved via
the generation of scientific publications and presentations, if this component
of CUREs is explicitly addressed. While these are both acceptable and likely
appropriate forms of dissemination, an improved definition of broader
relevance will assure CURE facilitators that they are attending to all of the
necessary CURE components in their biological laboratories as well as
provide a foundation upon which they can both develop and assess activities
that achieve broader relevance. Through clarification of the intended
meaning behind the broader relevance component of CUREs, the modified
definition of broader relevance (see Chapter 4) will assure CURE facilitators
that even creative means of broader relevance are appropriate and aid them
in maximizing the utility of those forms of broader relevance to diverse
audiences.

18

Chapter 3: Incorporating Museum Education into a Biological
Sciences CURE – A Case Study
Introduction
As alluded to in the previous chapter, few studies have considered the
possibility of integrating museum education into CUREs in the biological
sciences (Milkova et al., 2013). In part, this may be due to the fact that
STEM museum programs are often geared toward younger children (Chi et
al., n.d.). Arguably, however, museum programs can make a difference in
an individual’s life regardless of that individual’s age. For instance, in their
study of autobiographical accounts provided by visitors to the science and
children’s museums comprising the YouthALIVE network, Baum et al. (2000)
noted that teenage students developed better perceptions of themselves and
their place in society after program participation. At the collegiate level, two
notable examples of synergies between biology and museum education have
addressed the importance of sharing scientific knowledge with the
community. First, in 2006, the Massachusetts Institute of Technology (MIT)
leveraged resources associated with their Learning Lab to create experiential
opportunities outside of the classroom with the intention of widely
distributing these projects to other museums for implementation (Vandiver
et al., 2008). Similarly, the Nature Park & Galleries (NPG) on the science
campus at Hebrew University in Jerusalem created several workshops in
ecology, evolution, botany, cell biology, animal structure and function,
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history of science, cartography, architecture, and design (with differing
presentation formats) with the idea that thousands of people, including
students, could benefit from these experiences (Camhi et al., 2013).

As suggested above, museums, including science museums, are not
intended simply as an entertainment outlet. Museum education can
intentionally address attendee knowledge gaps while serving as a
supplemental location for teaching and learning (Oppenheimer, 1968).
Indeed, museums are considered informal science education (ISE) locations
that improve interest and knowledge of science while increasing scientific
literacy, often reaching out to the K-12 community (American Association for
the Advancement of Science [AAAS], 1993; Hein, 2009; Sample McMeeking
et al., 2016). Students that have an opportunity to work with museum
personnel ‘behind the scenes’ want to bring their friends to that museum
because of their positive experience (Roussou et al., 2007), and educational
experiences through museums can be a powerful tool in K-12 teaching
(Vallance, 2004).

Unfortunately, however, a Boolean search of “museum education” AND
“course-based undergraduate research experience” returns no relevant
citations. This suggests that, although museum education is beneficial to
both the teachers and the taught, these experiences are likely to be
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infrequently incorporated into CUREs. In order to further understand the
potential affordances of museum education in the context of CUREs, I
examined the following questions:

1. What impact does engagement in creating and implementing a
museum exhibit have on student outcomes within the context of a
one-semester Pollinator CURE?
2. What perceptions do the CURE instructors and museum staff have
regarding the exhibit development and installation process?
3. What perceptions do museum visitors possess regarding the
effectiveness of the museum exhibit in conveying information about
pollinators in the region?

Consistent with prior research in the field (Milkova et al., 2013), I
hypothesized that students would express an increase in curiosity while
engaging with scientific concepts as they utilize analysis, synthesis, and
evaluation to meaningfully convey their discoveries. I likewise anticipated
that the CURE instructors, museum staff, and visitors would have positive
perceptions of the exhibit (e.g., that it was a meaningful learning
experience) as has been noted in other peer-reviewed museum experiences
(Baum et al., 2000; Camhi et al., 2013; Chi et al., n.d.; Henry, 2000;
Latham, 2016; Vandiver et al., 2008).
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Methods
Course Context
In Fall 2017, two instructors at The University of Texas at El Paso (UTEP)
endeavored to engage students in developing a museum exhibit for one of
the rotating galleries at the UTEP Centennial Museum as the broader
relevance component for a CURE focused on pollinators in the region. This
course fulfilled the BIOL 1107 or BIOL 1108 introductory biology laboratory
requirement for STEM majors at the institution and enrolled 13 students.
Building upon the course theme, Chihuahuan Desert pollinators and other
specimens found within the UTEP Biodiversity Collections were used as the
focus of the museum exhibit because it would involve, at least in part, the
introduction of important ecological concepts, especially local concerns, to
students in the course. A detailed description of the CURE can be found in
the course syllabus (Appendix 1).

Museum Exhibit Development
Students assisted in developing, installing, and presenting a museum
exhibition about pollinators in the Chihuahuan desert. This was accomplished
over a period of several weeks through collection of biological specimens,
curation of biological specimens, and utilization of global biodiversity
databases. In order to maximize the efficiency and fidelity of implementation
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of the museum exhibition, each student group was also assigned different
roles (see Appendix 1). Topics presented as part of the exhibit included:

•

Differentiation between bees, flies, and wasps

•

The need to learn more about native bees

•

Native bee identification, incorporating which native bees might
sting

•

Native plants, including milkweed, that are good for native bees

•

Citizen science activities using iNaturalist

•

Biodiversity cataloguing and specimen availability for research

With these topics in mind, the students produced interactive pieces (e.g.,
drawing a bee; using a microscope to see bee scopa as well as observe
physical differences between bees, flies, and wasps) to implement within the
allocated museum space. The pollinator exhibit was the first to use the space
as a pop-up gallery.

Participant Demographics
The faculty and staff (n = 4) that were involved with the Pollinator CURE
included a postdoctoral fellow (instructor), biodiversity collections manager
(instructor), museum director, and museum curator. Participants largely
self-identified as white (75%), with an equal number of males and females
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represented in the sample. While these individuals had varied levels of
college teaching experience (M = 14.5 semesters; SEM = 9.2 semesters)
and were established professionals in their fields, this was the first instance
in which they had all worked collaboratively to design and install an exhibit
in the UTEP Centennial Museum.

Student participants (n = 11) predominantly self-identified as female (55%)
and Hispanic (73%), with most (73%) majoring in the biological sciences.
Furthermore, these individuals were primarily freshmen (82%) with no prior
research experience (91% of participants), and none had completed prior
coursework in museum collections or studies.

Involvement with the BIOL 1107/1108 Pollinator CURE was the sole criterion
for inclusion in the study. This research was approved by The University of
Texas at El Paso’s Institutional Review Board under protocol #789648.

Student Survey Procedures
At the beginning of the semester, students enrolled in the course (n = 11)
were invited to complete the Pollinator CURE Questionnaire, a 22-item,
Likert-style survey. This same survey was administered at the end of the
semester along with four (4) open-ended questions about the students’
museum exhibit experience (Appendix 2). Data collected from consenting
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participants were first blinded, and descriptive statistics were then tabulated
for all Likert-item questions. Open-ended responses were subsequently
analyzed by two individuals with expertise in biology education and/or
environmental sciences to establish interrater reliability. Iterative rounds of
open and axial coding were performed, with disputes resolved through
conversation between the coders (Elliott, 2018; Tesch, 2013). Strong
interrater reliability was observed (κ = 0.888; p < 0.001; 95% CI (0.808,
0.968)).

Semi-structured Interviews with CURE Instructors and Museum Staff
A semi-structured interview approach was adopted to elicit feedback from
the CURE instructors, the UTEP Centennial Museum director, and the UTEP
Centennial Museum curator about the museum exhibition development and
implementation process. Specifically, this protocol included items pertaining
to the perceived successes and failures associated with the museum exhibit
component of the course, facilitator-level insights into the design process,
and feedback for possible future iterations of a similar course incorporating
museum education (Appendix 3). A descriptive-interpretive approach was
employed to identify emergent themes within this dataset (Tesch, 2013). All
data were analyzed by two individuals with expertise in biology education
and/or environmental sciences to establish interrater reliability. Iterative
rounds of open and axial coding were performed, with disputes resolved
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through conversation between the coders. Strong interrater reliability was
observed (κ = 0.912; p < 0.001; 95% CI (0.742, 1.00)). Each interviewee
was given a pseudonym from the classic game (1947) and movie (1985)
Clue. The names chosen were Colonel Mustard, Professor Plum, Mrs. White,
and Mrs. Peacock.

Analysis of Museum Patron Comment Cards
In an effort to assess the effectiveness of the museum exhibition in
communicating important information about pollinators in the Chihuahuan
desert, electronic comment cards were solicited from museum patrons at the
end of their visit. Specifically, visitors were asked to provide responses to
eight (8) Likert-style items concerning their perceptions of the exhibit
(Appendix 4). Unfortunately, the Centennial Museum does not have a
reliable mechanism to track the total number of visitors, especially for a
given exhibit. However, eight (8) voluntary, anonymous responses were
obtained from individuals who viewed the pollinator exhibit. This included
four (4) undergraduate students, one (1) staff member, and three (3)
individuals who were not affiliated with the university. Frequency analyses
were conducted to address the aforementioned objective.
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Results
Perceived Relevancies and Skills Gained by Students through
Engagement in Museum Education
Descriptive analysis of students’ pre-/post-semester Likert-item survey
responses revealed, on average, positive shifts both in participants’ skills as
they pertained to handling biological specimens as well as in engaging in the
implementation and evaluation of museum exhibits (Tables 2A and 2B).
Furthermore, students’ perceptions of the relevancy of scientific work and
museum education to broad audiences, including the extent to which those
audiences impact said relevancy, increased following participation in the
CURE. Collectively, these data suggest that biological sciences and museum
exhibits can work hand-in-hand to improve student outcomes, at least in
contexts such as the one described here. In other words, this implies that
broader relevance in biological sciences CUREs can potentially be achieved
using museum pop-up spaces as the point of dissemination.
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Table 2A. Students’ average pre- and post-semester level of agreement with affective
survey items concerning scientific work and museum education.

Item Statement

Pre
M (SEM)*

Post
M (SEM)

4.00 (0.27)

4.27 (0.19)

2. Participating in citizen science activities is
important for my professional development.

4.00 (0.23)

4.36 (0.20)

3. I will use biological collections in my future
profession.

3.91 (0.25)

3.73 (0.30)

4. I enjoy visiting museums.

4.09 (0.28)

4.27 (0.24)

5. I read the signs at museums.

3.91 (0.28)

4.00 (0.27)

6. It is important that my research is
communicated to the broader scientific
audience.

3.91 (0.21)

4.00 (0.23)

7. It is important that my research is
communicated to the general public.

3.82 (0.23)

4.27 (0.14)

8. It is important that my research has direct
relevance for informing future scientific
investigations.

3.91 (0.25)

4.09 (0.16)

9. It is important that my research has direct
relevance to the needs and interest of society.

3.73 (0.19)

3.82 (0.26)

10.Research questions should be guided by current
societal needs.

3.09 (0.28)

3.36 (0.15)

11.Input from the scientific community is important
when formulating a research question,
interpreting results, and drawing conclusions.

4.09 (0.16)

4.18 (0.18)

3.00 (0.19)

4.09 (0.25)

13.I am confident in my ability to assess the
effectiveness of a museum exhibit at
communicating to the public.

3.09 (0.34)

4.09 (0.16)

14.I am confident in my ability to handle biological
specimens.

3.82 (0.23)

4.45 (0.16)

Affective and Skills-based Items
1. Museum exhibits are important for educating the
public about nature and the environment.

Confidence Items
12.I am confident in my ability to write labels for
items displayed in a museum.

*Note that the survey scale ranges from strongly disagree (“1”) to strongly agree (“5”).
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Table 2B. Students’ average perceptions of the relevancy of the indicated factors to diverse
audiences.

Item Statement

Pre
M (SEM)
Relevancy of Understanding Biological Collections for…
15.Biologists
4.82 (0.12)

Post
M (SEM)
4.82 (0.12)

16.All scientists

4.36 (0.24)

4.55 (0.16)

17.Educators

4.27 (0.24)

4.55 (0.16)

18.General public

3.91 (0.28)

4.09 (0.25)

Relevancy of Understanding the Contributions of Citizen Scientists for…
19.Biologists
4.45 (0.21)
4.64 (0.15)
20.All scientists

4.55 (0.21)

4.64 (0.15)

21.Educators

4.36 (0.20)

4.73 (0.14)

22.General public

4.18 (0.23)

4.73 (0.14)

*Note that the survey scale ranges from not important (“1”) to very important (“5”).

Student Interview Data Revealed Benefits and Challenges Associated
with the Museum Exhibition Process
When asked about what they enjoyed most regarding the museum exhibition
process, students primarily cited the planning and execution phases of the
experience (82% of responses; Table 3). This was followed by autonomy and
creativity (45% of responses), connecting research and museum education,
and science-society connections; with these latter two themes reflecting
equal response rates (n =2; 18% of participants). Sample quotes illustrating
these themes are presented in Table 3 below.
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Table 3. Student responses to the prompt: “What aspects of designing the museum exhibit
did you find most enjoyable?”

Theme: Planning and Execution of the
No. of Responses (%)a: 9 (82%)
Exhibit
Sample Student Responses:
• “Designing the exhibit is what I enjoyed the most. I enjoyed the planning
part.”
• “I enjoyed making the displays for the museum exhibit.”
Theme: Connecting Research and
No. of Responses (%): 2 (18%)
Museum Education
Sample Student Responses:
• “The research! Learning about bees was a very enjoyable experience.”
• “I enjoyed seeing how the research connected. … groups came together to
create a cohesive exhibit.”
Theme: Autonomy and Creativity
No. of Responses (%): 5 (45%)
Sample Student Responses:
• “Most enjoyable: The fact that I have the power to educate students…”
• “I enjoyed the fact that we pretty much got to design the exhibit ourselves
with very little interference.”
Theme: Science-Society Connections
No. of Responses (%): 2 (18%)
Sample Student Responses:
• “The fact that I [can] create a better environment in this world.”
• “The elements that [were] were the most enjoyable [were] creating a more
people-friendly exhibit.”
N = 11; participant responses were coded into multiple categories, as appropriate.

a

Conversely, the least enjoyable aspects for students were a lack of time to
execute the exhibit and transitioning from planning to implementation, with
27% of respondents citing each challenge (Table 4). Notably, the majority of
students (n = 6; 55% of responses) did not mention any negative aspects of
the experience.
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Table 4. Student responses to the prompt: “What aspects of designing the museum exhibit
did you find least enjoyable?”

Theme: Lack of Time to Execute the
No. of Responses (%)a: 3 (27%)
Exhibit
Sample Student Responses:
• “I wish we had another few days or a week to create and set up.”
• “Lack of time.”
Theme: Issues Pertaining to Student
No. of Responses (%): 1 (9%)
Groupwork
Sample Student Response:
• “… working in [a] team with students that are not responsible as
teammates.”
Theme: Transitioning from Planning to
No. of Responses (%): 3 (27%)
Installation
Sample Student Responses:
• “… having to make those ideas (ideas about the exhibit) come to life and
be actual parts in the exhibit was challenging.”
• “… the ‘doing’ part is very time consuming, so I didn’t enjoy [that] as
much.”
Theme: Need for “Perfection”
No. of Responses (%): 1 (9%)
Sample Student Response:
• “I enjoyed letting my creative juices flow, but I wanted everything to be
‘perfect’.”
Theme: No Response Provided
No. of Responses (%): 6 (55%)
N = 11; participant responses were coded into multiple categories, as appropriate.

a

Lastly, when asked if the museum exhibit changed their perspective about
the nature of scientific research and how it is conducted, all students
answered in the affirmative. More specifically, the majority of students (n =
6; 55% of responses) indicated that the experience helped them better
recognize the complexities of research. Other themes included increased
science communication skills as well as development of a better
understanding of the research process and the relevancy of science to
multiple audiences. The distributions of student responses for these themes
and sample quotes for all identified themes is shown in Table 5.
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Table 5. Student responses to the prompt: “Did developing the museum exhibit change
your perspective about the nature of scientific research and how it is conducted? Please
explain your answer.”
No. of Responses (%)b: 3 (27%)
Themea: Understanding the Research
Process
Sample Student Responses:
• “I did not know how scientist[s] would do research; now I have a better
understanding of it.”
• “We took our data and findings and created an exhibit.”
No. of Responses (%): 6 (55%)
Theme: Recognizing the Complexities of
Research
Sample Student Responses:
• “Now I [see] all the small details and effort set forth by
scientists/researchers. It makes me appreciate it a little more.”
• “I thought not a lot of aspects go into research, but I found it tends to be
more complicated, tedious, and detail-oriented.”
No. of Responses (%): 4 (36%)
Theme: Science Communication
Sample Student Responses:
• “I think we learned how to take scientific data and explain it to others.”
• “It made me better appreciate the work that goes into displaying and
sharing the results of a research [project].”
No. of Responses (%): 3 (27%)
Theme: Relevancy of Science to Multiple
Audiences
Sample Student Responses:
• “This exhibit had importance to scientists and the general public.”
• “The process of getting scientific literature and then incorporating [sic] it to
the public so [that it] can be simplified is interesting.”
Please note that all participants (N = 11) agreed that the development process changed
their perspective. Thus, these themes reflect the response patterns that emerged as a result
of coding the explanations provided by participants.
b
Participant responses were coded into multiple categories, as appropriate.
a

CURE Instructor and Museum Staff Perceptions of the Exhibit
Development and Enactment Process
Five overarching themes were found during the course of the interview
coding. These themes included sub-themes that coordinated with the
overarching themes. Sixty-nine percent (69%) of the sub-themes were
addressed by all four (4) interviewees (Table 6). Most of the interview
responses were positive in nature and often had similar vernacular. To this
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end, only a few example responses for each sub-theme will be given during
the explanation of findings.

Table 6. CURE faculty and museum staff perceptions of the exhibit development and
enactment process.

Themes
1. Creating novel
learning
environments for
students
2. Designing and
installing the
museum exhibit

3. Personal-/courselevel benefits

4. Campus-/communitylevel benefits

5. Challenges and/or
modifications

Sub-Themes
a. Thinking
outside of the
box
b. Making use of
new spaces
a. Novice
students as
designers
b. Interactive
nature of the
exhibit
a. Professional
advancement
b. Student gains
in knowledge
and skills
c. Student gains
in confidence
and selfefficacy
d. Building
relationships
a. Engagement
with science
b. Public trust in
museums
a. Increased
need for
interaction
between
stakeholders
b. Time and/or
resource
limitations
c. Issues
regarding
student
groupwork
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Total
Faculty
and Staff
(N = 4)

Biological
Sciences
Faculty
and Staff
(N = 2)

Museum
Faculty
and Staff
(N = 2)

4

2

2

4

2

2

4

2

2

3

1

2

2

1

1

4

2

2

2

1

1

4

2

2

4

2

2

3

2

1

4

2

2

4

2

2

4

2

2

Theme 1: Creating Novel Learning Environments for Students
Thinking Outside of the Box
Findings. Since this was the first iteration of a Pollinator CURE at the
university, especially one that coordinated with a museum exhibit, there was
a need to be creative in both planning and execution. Mrs. Peacock observed
that producing a museum exhibit:
… gives students a new way to learn things and a new way to process
information … it gives you a way to research and study and apply that
information outside of your traditional essay. So, it's a new way to
look at the information.

Professor Plum also explained that:
The outreach goal with the museum exhibit was to develop something
that would be of interest to a general community. Not just a research
presentation, like [a] poster of their research, but something that
would really introduce people to pollinators and native bees and their
importance, including hands-on activities as much as possible. So,
instead of just pictures and text on a wall, we really tried to push them
into thinking creatively in terms of how to engage the public as part of
that exhibit.
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Making Use of New Spaces
Findings. Notably, this CURE was the first to make use of the pop-up space
within the Centennial Museum, which had previously been structured as a
gift shop and waiting area. This provided a unique opportunity for students
to engage in broader relevance within a different venue than the more
typical pursuits of public presentations and/or published scientific articles.
Mrs. White’s excitement to incorporate this is shown in the following
statement:
…because we had the opportunity to use a public space and the
students could interact with visitors for part of what we did, and
making the students think more in a 3D arena, right, instead of the 2D
poster, they had the ability to create things that were interactive or
that used physical objects.

Colonel Mustard echoes this sentiment by noting:
And so, having a space that we can do these pop-up exhibits, some
shorter term, more spontaneous exhibits and that involve – the UTEP
EDGE was big, right, so, getting high-impact learning for students and
working with instructors and professors, so we were really seeing this
as this opportunity to, hey, utilize the space but also bring in student
work, work that’s relevant, that’s going on, that’s fresh, and they
would just kind of pop up, be up for a couple months, and then we
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would move on to the next exhibit. And so, this was the first of that,
and it really came out of conversations between Mrs. White and Mrs.
Peacock.

Discussions and Interpretations. The Pollinator CURE afforded students an
opportunity to not only communicate the learned information in a different
way, but also to use museum space in a pop-up manner that had not
occurred before. Collaborative efforts in museums can even reach global
audiences if approached properly (Gillespie & Melber, 2014). This implies
that broader relevance in CUREs can be achieved on a small or large scale
(i.e., one does not necessarily need a large exhibition space) when using a
museum for presenting the research findings.

Theme 2: Designing and Installing the Museum Exhibit
Novice Students as Designers
Findings. Positive and negative perceptions regarding student-designed work
were observed. One positive aspect cited by Mrs. Peacock was the potential
to further the learning of novice students, as illustrated by the following
quote:
And sometimes I have to remember and remind myself this – the
students are not museum [education students]. They're here to learn,
and this is a tool for them to learn [from] me. Their end goal is not
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how pretty the exhibit looks. So, that's something we need, I need to
keep in mind. And that's just my own thing because I'm [in] such a
museum world, if you will. And we are at the Centennial, we're here to
help students to learn because we're a part of the university. So, it's
just a new way, a new tool to learn. And sometimes the science fair
project doesn't look pretty. But as long as you learn, that's the
important thing.

Conversely, this learning curve was viewed negatively by other interviewees,
as reflected in the following statement by Colonel Mustard:
And as I had said earlier, a lot of the students were freshmen or
sophomores, kind of younger students in biology that they weren’t at
the level of knowledge of identifying and learning the Latin names and
all that good stuff. So, I felt like those were the issues that I heard
from Professor Plum and Mrs. White were how to get everyone – you
really need to get everyone on the same page or close to it as far as
knowledge goes, and then you need everyone to be contributing
equally.
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Interactive Nature of the Exhibit
Findings. The student-designed exhibit included some creative components
that, although required by the course instructors, collectively functioned well
together. Colonel Mustard remembers:
It had these interactive components that made you wanna come in
and look in the microscope and see the different species, right, that it
had, well, you know, interactives in general. I think that a lot of our
exhibits don’t have interactives.

Mrs. White explains that there was reasoning behind what became the
exhibit layout:
I had a few criteria, like we wanna have some of the physical objects
in there, and we want you to present your research and, most
specifically, whatever question you had and what the answer was, but
there weren’t a whole lot of constraints, and they were able to sort of
think about, oh, well, can I build something that the visitor can come
and spin around, or interact with, or listen to, which you can’t do with
the poster. So, I think it was definitely a different experience from the
poster or a presentation, even, because I feel like presentations are
just a series of posters.
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Discussions and Interpretations. A museum exhibit can be a good outlet for
creative endeavors. However, it may be difficult to get students to find their
creativeness when scientific research can be considered a more formal and
structured undertaking (Wang, 1984). This means that collaboration with a
museum during a biological sciences CURE could be a positive or negative
experience depending upon the students involved and their willingness to
engage beyond their comfort zones. This, in turn, may be exacerbated by
the level of experience students possess, both with regard to scientific topics
being discussed as well as the process of designing and installing a museum
exhibit (Bruer, 1993; Dracup & Bryan-Brown, 2004).

Theme 3: Personal-/Course-Level Benefits
Professional Advancement
Findings. Some interviewees identified connections between participating in
the CURE and their future professional growth. Professor Plum notes, for
instance, that:
…the benefit was it obviously got me stuck into the pollinator world.
That's where we started and then decided the next semester to
continue doing things with the pollinator work. In that sense, it [was]
a pretty big change [in] my pathway, because I don't think I'd be the
curator of the botanical garden if I wasn't doing bug surveys there and

39

getting integrated into that piece. So, from that point of view,
personally, it sort of was the first step in a beneficial path.

Colonel Mustard concurred by stating:
I think, like I said, as a whole, a great experience. I guess it is looking
at it in retrospect but just kind of where we’ve come of hiring Professor
Plum and the relationship we have with Miss Scarlet and with the
biology department. I really see that as one of the foundations. That
exhibit (the pollinator exhibit) really kind of set the tone and created
strong bonds.

Student Gains in Knowledge and Skills
Findings. All interviewees agreed that students learned from participating in
the CURE and making a museum exhibit. Mrs. White explained:
So, I do think that most of them benefitted for many reasons. One is
because I think during the semester as we were working through these
research projects, I think a lot of the times they were sort of like, ‘I
don’t really care about bees.’ They sort of felt ambivalent about the
thing they were doing. But at the end, especially when the exhibit was
open and they were there to answer questions of visitors, I think they
suddenly found the why, right? Like, oh, I can see that I’ve just taught
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this middle schooler something interesting that they didn’t know
before, and it felt like an accomplishment.

And also, I think a lot of them were sort of tentative about the idea of
‘why do I wanna do something in a museum? It seems boring.’ But
once they started developing their exhibits, they got really creative.
And so, I think it was interesting to see how that brought out their
creativity when the research question part didn’t. And we wanted it to
because that’s part of the research process, right, is thinking creatively
about what’s going on here and why, and for many of them, they
didn’t get to that until we were doing the museum exhibit.

Professor Plum continued in the same vein by stating:
So, I think the students benefited because they got to really think
about how to communicate what they learned. I think a lot of times it
seems like a very one-way communication where the students are
telling the instructor what they know, what they learned, and that's
the end of it. And it just seems like it doesn't really matter because
you're telling the person who already knows what you learned and it's
like, okay, well that was fun. But I think this way they're able to really
make their work and their communication more useful and have more
of a real impact on people.
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Student Gains in Confidence and Self-Efficacy
Findings. Along with knowledge gains, the students showed a level of
certainty by being available on the opening night of the museum exhibit for
any visitor questions. Mrs. Peacock observed:
I mean, in order for the students to have successfully answered
questions, they had to know the information. So, I mean, I feel like if
they're there answering questions and I didn't see too many riots, or
too many of the angry professor looks, then I feel like the students
knew their information or knew what they were, I guess, knew their
area, and they were able to explain. And then, it also takes some skill
to be able to translate that even further directly to the public. So, you
have to translate not only a science issue that can be complex, 250
words. Then you've got to take that issue and make it [into] two
sentences [for] the elevator speech when the public's coming by. So,
that does take skill as well.

Building Relationships
Findings. Interactions with others outside of one’s comfort zone was
discussed at length by all of the interviewees. Mrs. Peacock explained how
these interactions can be wide-ranging because the museum often includes
displays on different research subjects:
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We're here to showcase their work – a student, former staff, faculty.
So, it's always nice. And that's what I like about working at a
university museum, is I can have stuff on bees, or I can have stuff on–
what else? Baseball, on El Paso. So, I mean, it's really nice that we
have this diversity here.

The CURE professors and students shared similar perceptions, as Mrs. White
explained:
Well, it was super cool because I’ve never actually physically
developed an exhibit, right? Most of my museum experience is in
collections, so other than just my museum education where I took
exhibit studies, I’ve never actually developed a real exhibit. And so,
watching them (students) have an idea but then try to actually make it
happen, especially with limited resources, was super interesting, and I
felt at the end when they were there presenting and I watched them
interact with the younger students who came and some of the adults
even, it was very satisfying to see that most of them actually knew
what they were talking about, right?

So, part of developing this exhibit meant, oh, I’m gonna have to talk
about this and people might ask me questions. I better know what I’m
doing. So, it was a really great experience, I thought. It wasn’t perfect
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because, like I say, limited resources, right? Sometimes the idea that
somebody had didn’t quite work out the way they had hoped or even
we had hoped, but it was still really good.

Discussions and Interpretations. Course-based undergraduate research
experiences are noted for producing positive gains in students’ knowledge,
skills, attitudes, and self-efficacy (Brownell et al., 2017; D’Arcy et al., 2019;
Esparza et al., 2020; Harrison et al., 2011; Lopatto, 2007; Olimpo et al.,
2016). The findings described above echo those positive gains. Furthermore,
increases in rapport between students and faculty of CUREs can occur
(Shortlidge et al., 2016). The current findings insinuate that there can even
be increased rapport between faculty members, staff, and students when
working alongside one another, even when those individuals possess
different educational backgrounds and interests. In some cases, these
relationships can lead to new professional pathways being pursued, as seen
here.

Theme 4: Campus-/Community-Level Benefits
Engagement with Science
Findings. Because museums are available to anyone that would like to enter,
there is a unique opportunity to engage diverse audiences. Mrs. White
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explained just how much of an effect museums can have on patrons and
students that are acting as docents during the opening night of the exhibit:
As far as the overall community, during our opening, we had teachers
bring in some – I think they were middle school students, so it was
great because our students were like the big college students. Even
though they’re, most of them, first-semester freshmen, all of a sudden
they were in a different status, right? They had these younger kids
who were asking them lots of questions, and they could actually
answer them. I think that was kind of empowering for most of the
students to be able to do that.

Public Trust in Museums
Findings. Museums are also good for conveying information because the
public tends to trust what information is relayed within the exhibits (Griffiths
& King, 2008; Tam, 2012; Ulph, 2016). Colonel Mustard described the
Centennial Museum in this way, as follows:
And I would get anecdotal evidence – you know, informal feedback
from people saying, ‘Wow, I feel like the door seems to be open at the
Centennial museum,’ right? There’s this welcoming environment. And
so, I feel like getting more students and more people into the museum
and seeing it as a resource on campus.
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Professor Plum confirmed this sentiment with these words:
I think the museum exhibit is a good way to do that, because
museums do typically get a lot of traffic. They're one of the more
trusted sources of information. When people do surveys of things that
– museums and zoos and botanical gardens and art museums, all that
stuff ranked pretty high. That stuff ranked pretty highly in terms of
public trust and public interest, whether or not they actually visit that
frequently or not. So, I think that's a big benefit, and I hope that we're
able to do stuff like that in the future and use the museum for student
activities, student information, student presentations.

Discussions and Interpretations. Allowing the general public to experience
science education from within a museum is important because it has the
ability to bridge knowledge gaps and incite interest in science (Oppenheimer,
1968). This Pollinator CURE museum installation and visitor experience,
specifically, reaffirmed that museums are trusted venues that can increase
knowledge through access to scientific topics (Griffiths & King, 2008; Tam,
2012; Ulph, 2016). Museums can be remarkable outlets for broader
relevance due to their level of accessibility to various audiences and their
applicability as a way for science students to think differently about how to
explain and/or integrate concepts into an exhibit.
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Theme 5: Challenges and/or Modifications
Increased Need for Interaction Between Stakeholders
Findings. In retrospect, there were some factors that interviewees felt could
be modified if there was another CURE that culminated in a museum exhibit
or if the course were repeated again. One important factor was better
communication between the biology and museum faculties. Colonel Mustard
observed on the museum side that:
Well, I feel like with this project especially, it was kind of packaged up
until the end. So, I only saw [it] as they were installing it, right? And
then, I just heard about it through Mrs. White afterwards, like I said
kind of earlier, of having more involvement – because we see it now
with the museum studies classes that we’ve been working with them
all semester so that we’re able to kind of intervene earlier if, okay,
we’re not all on the same page about how to do this.

The perspective of a biology instructor was explained via Mrs. White, as
follows:
As far as collaborating with the museum, it really wasn’t all that
collaborative. It was just sort of they gave us a space to work in, and
we worked in it. We didn’t really ask them to participate much in the
process, partially because we felt like if we injected more people, it
was just gonna create chaos. So, we did have Mrs. Peacock speak to
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the students about the space and what they could and couldn’t do and
things like that, which was good, and they allowed us to come visit
exhibits and do some critiquing, which was also good.

Time and/or Resource Limitations
Findings. There are often limiting factors to any course experience. Mrs.
White explained issues with time:
So, I think if I would’ve had a little more time and could have given
the students a little more instruction on exhibit practices and
depending on what you’re trying to communicate what’s a better way
to do it, that would’ve been helpful for sure.

Professor Plum concurred and added:
I think building it as part of a CURE is interesting, although, like I said,
I think it's too ambitious unless you really rethink how you're doing
the work because you're – especially at a freshman-level CURE like we
were doing, you're trying to teach them how to do science, how to
collect data, how to think about the science, and then also how to
communicate that science to a general audience and develop that form
of communication and install it and everything.
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Issues Regarding Student Group Work
Findings. CUREs are highly collaborative (Auchincloss et al., 2014; Esparza
et al., 2020). However, the more people that are involved in a project, the
more chance there is for some efforts to be less effective than others.
Professor Plum has noticed this in more than just this iteration of a CURE:
And then, we had a lot of the issues with group work. That is very
common to CUREs where it's not just ‘do this thing in class as a group,
make sure you titrate or add chemical X to chemical Y and write down
the results as a group’ and maybe turn in a group assignment. It really
involved a lot more collaboration.

Colonel Mustard even noticed the difficulties with collaboration:
But I do remember them talking about kind of the pitfalls that they
had experienced, and part of it was things that we deal with, I think,
as teachers that – you know, group work, right? I mean, we’re always
talking about group work. We’re trying to promote working in groups,
but group work’s hard, right? And if someone isn’t pulling their weight,
then it just ruins it for everyone.

Discussions and Interpretations. As with any new endeavor, there were
challenges. Modifications would be optimal if this CURE experience were to
be replicated, as well. It has been said often that communication is key
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(Gulledge & Slobe, 1990; Reback et al., 2002). This CURE experience is no
exception. In light of the findings described above, it is recommended that
CURE facilitators refer to existing resources on course and museum exhibit
design (Carliner, 2003; Cooper et al., 2017; Loparev et al., 2017) as well as
collaboration and interpersonal communication techniques (Cheruvelil et al.,
2020) in an effort to ensure that the joint efforts between all stakeholders
are effective in advancing desired research and pedagogical outcomes.

Visitor Perceptions of the Museum Exhibit were Largely Positive
Museum patrons who visited the pollinator pop-up exhibit were asked to
provide feedback on the exhibit via an electronic comment card that
contained eight (8) Likert-item statements. These data are summarized in
Table 7.
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Table 7. Museum exhibit visitor responses after viewing the pollinator exhibit.

Item
1. I am aware that the desert
southwest is home to a wide
variety of native bees.

SD1
0

D
0

N
1

A
1

SA
6

2. I feel that I could locate and
observe native bees.

0

0

3

2

3

3. I will be better able to
distinguish bees from flies and
wasps.

0

0

0

3

5

4. I am motivated to plant native
flowers in my garden.

0

1

1

2

4

5. I understand what would be lost
if there were no more bees.

0

0

0

3

5

6. I am able to tell the difference
between a honeybee and native
bees.

0

1

2

3

2

7. I feel pride in the native bee
diversity of the El Paso area.

1

0

0

3

4

8. I am less afraid of bees than
before viewing the exhibit.

1

0

1

3

3

Note that “SD” = strongly disagree; “D” = disagree; “N” = neutral; “A” = agree; and “SA” = strongly agree.
Values in each column represent the number of respondents reporting the indicated level of agreement.
1

Conclusions
Engagement in creating and implementing a museum exhibit had an overall
positive impact on student outcomes within the context of a one-semester
Pollinator CURE (Tables 2A and 2B). Planning and execution was the most
enjoyable part of the museum installation process (Table 3), while most of
the students did not convey anything negative about the experience (Table
4), as measured via open-ended student responses. The small number of
negative responses and high volume of positive responses show that
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integrating the museum exhibit as a capstone piece in the Pollinator CURE
was a meaningful learning experience for the students.

The perceptions the CURE instructors and museum staff had regarding the
exhibit development and installation process were also generally positive.
Faculty and staff acknowledged student learning gains through the creation
of novel learning environments for the students. The CURE instructors and
museum staff recalled some challenges, as well, to the development of the
CURE exhibit including limited stakeholder interactions, time and/or resource
limitations, and issues with student group work (Table 6). Although these
educators noted a negative side to integrating the museum exhibit into the
Pollinator CURE, their conveyed recollection of positive experiences
outweighed those negatives. This demonstrates that the use of a museum
exhibition as the broader relevance component of the Pollinator CURE was
viewed favorably by non-student designers as well, similar to previous
studies in the field (Baum et al., 2000; Carliner, 2003; Cooper et al., 2017;
Gillespie & Melber, 2014; Loparev et al., 2017; Roussou et al., 2007).

Museum visitors perceptions regarding the effectiveness of the exhibit in
conveying information about pollinators in the region typically ranged from
neutral to strongly agree. For instance, the museum patrons agreed that the
desert southwest was home to a variety of native bees and felt that they had
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an increased ability to distinguish bees from flies and wasps after viewing
the exhibit. In contrast, museum patrons seemed to be less sure about
being able to distinguish honeybees from native bees and did not necessarily
feel confident that they would be less afraid of bees following their
interaction with the exhibit (Table 7). This indicates that there could have
been some positive gains for the museum patrons but that there is also
room for exhibit improvement if the Pollinator CURE were ever implemented
again at UTEP or tried at another location.

A biological sciences CURE with a museum education component may be
challenging to implement, in part, because it requires careful and extensive
coordination between individuals in the biological sciences and museum
education/studies to achieve the exhibit’s full potential. To address this
need, I recommend that CURE facilitators and other invested stakeholders
reference K-12 and STEM resources instead of relying solely on examples of
collegiate-level integrations, of which there are few, with respect to CUREs
(Baum et al., 2000; Camhi et al., 2013; Chi et al., n.d.; Milkova et al., 2013;
Oppenheimer, 1968; Vandiver et al., 2008). This does not mean that
museum education should be relegated solely to K-12 instruction. CURE
facilitators merely need to be more flexible in procuring information that
would allow them to effectively integrate museum education into their next
CURE experience.
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Although there are always challenges with any teaching endeavor, analysis
of Pollinator CURE outcomes revealed that students, faculty/staff, and
museum visitors alike had a positive experience overall. Students and
faculty/staff concurred that designing the exhibit was the most memorable
and positive part of the Pollinator CURE. Students felt they understood the
complexities of research after completion of the CURE, and faculty were able
to make use of an underutilized museum space in a novel way. The
information about pollinators that the students learned was shared with
others and, in some instances, understood by the museum visitors. This
implies that the museum exhibition was largely successful at achieving the
necessary broader relevance component of the Pollinator CURE.

Limitations
One of the limitations of this project is that the Pollinator CURE was only
offered in the fall of 2017 at a single university for a single semester. There
were no other similar or identical courses offered before or after at the
institution. Another limitation is the small sample size, with 13 students
enrolled in the course. Of those 13 students, only 11 individuals responded
to both the pre- and post-surveys conducted during this class (see Appendix
2). This does not mean that the data are uninformative. Rather, it is
important that the data presented not be overinterpreted or
overgeneralized. Relatedly, the number of museum visitors that provided
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feedback via comment cards was minimal. However, the background of
these individuals was diverse, ranging from external museum patrons to
UTEP students, staff, and faculty.

In spite of these limitations, the outcomes generated from this study provide
critical insights into the benefits and barriers associated with integrating
museum education into biological sciences CUREs. Furthermore, these
outcomes offer a significant first step in identifying strategies for
incorporating new and exciting options for broader relevance into future
CUREs.
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Chapter 4: Overarching Conclusions and Recommendations
Conclusions
Course-based undergraduate research experiences have emerged as a viable
mechanism to foster student engagement in science, often leading to
positive gains for both students and faculty alike (Esparza et al., 2020;
Harrison et al., 2011; Lopatto, 2007; Olimpo et al., 2016; Rodenbusch et al.,
2016; Shortlidge et al., 2016). Among the five dimensions of CUREs
(Auchincloss et al., 2014), broader relevance has arguably been the least
well-characterized, perhaps due to the extensive opportunities to achieve
broader relevance that exist given its open-ended definition in the CURE
literature (see Chapter 2 outcomes). I contend that the definition of broader
relevance itself may not need to be completely rearticulated as long as there
is a way to strategically guide someone in their pursuit of integrating
broader relevance into their CURE.

As an example, the Pollinator CURE described herein, which resulted in the
dissemination of research through a pop-up museum exhibit, is a nontraditional venue for broader relevance. However, it can be a viable option
for faculty at schools that have a museum on campus or nearby that would
be willing to give students space to convey their research and that want to
use a museum exhibit as the broader relevance component of a CURE.
Museums are venues that are generally trusted by the public, so they would
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make optimal locations for sharing findings from novel research (Griffiths &
King, 2008; Tam, 2012; Ulph, 2016). Likewise, people need a venue to gain
knowledge about scientific and technological pursuits with exhibits that are
both aesthetically appealing and purposeful (Oppenheimer, 1968). This
concept is optimal when considering the integration of museum exhibits in
CURE contexts.

Updated Definition of Broader Relevance
Although many CURE facilitators either appear to implicitly assume broader
relevance is achieved or advocate for scientific publications or public
presentations as the chief forms of broader relevance, creative outlets for
broader relevance can be positive learning experiences for everyone
involved. Thus, a better articulated definition for broader relevance in CUREs
should assist in allowing educators to break away from the more
commonplace methodologies of disseminating broader relevance. It is hoped
that this modified definition will assure CURE facilitators that all the
necessary CURE components can be achieved during the semester(s) in
which the CURE is offered. This updated definition may even be foundational
for the development of assessments to improve quantitative and qualitative
markers for broader relevance. The original definition of broader relevance
(from Auchincloss et al., 2014, page 31) has admirable intent and is as
follows:
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Broadly relevant or important work. Because CUREs provide
opportunities for students to build on and contribute to current science
knowledge, they also present opportunities for impact and action
beyond the classroom. In some CUREs, this may manifest as
authorship or acknowledgment in a science research publication (e.g.,
Leung et al., 2010; Pope et al., 2011). In other CUREs, students may
develop reports of interest to the local community, such as a report on
local water quality or evidence-based recommendations for community
action (e.g., Savan and Sider, 2003). We propose that CUREs involve
students in work that fits into a broader scientific endeavor that has
meaning beyond the particular course context. (We choose the
language of “broader relevance or importance” rather than the term
“authenticity” because views on the authenticity of a learning
experience may shift over time [Rahm et al., 2003] and may differ
among students, instructors, and the broader scientific community.)

Some of the difficulty in articulating what broader relevance is, besides how
far-reaching it can be, could also be accessibility of the definition to diverse
audiences (e.g., practitioners, education researchers). Considering this and
other factors, it is proposed that the modified definition of broader relevance
be as follows:
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Broadly relevant or important work. Course-based undergraduate
research experiences (CUREs) need to have impact and motivate
action beyond the classroom. Furthermore, this broadly relevant or
important work must involve the articulation of novel scientific
concepts to people outside of the teaching space. As such, consider
who the target audience includes, how you wish to engage with them
(i.e., what novel findings you wish to discuss), and what the best
method(s) would be to accomplish that goal. Likewise, because science
– and the relationship between science and society – are dynamic, the
process of integrating broader relevance into one’s CURE will likewise
be dynamic in nature.

Recommendations
Proposing a revised definition of broader relevance might, in itself, lead to
more open discussion about this aspect of CUREs. However, in order for
those discussions to be translated into practice, I contend that CURE
facilitators need to be explicit and purposeful in how they attend to broader
relevance in their courses. Accordingly, I propose a three-step framework,
as summarized below.
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Step 1: Articulating the Goal(s) of Broader Relevance in Your CURE.
As suggested earlier, I recommend that CURE facilitators first reflect on
several guiding questions, including:

1. How will I achieve broader relevance in my CURE?
2. Who will be involved in disseminating the findings of the CURE
research, and how will they contribute to that/those effort(s)?
3. Who is/are the intended audience(s) of the dissemination effort(s)?
4. How can the findings generated by the CURE research best be
articulated to the intended audience(s)?

Once these questions have been addressed, CURE facilitators can then
synthesize their responses to create one or more learning objectives for their
course. For example, an air pollution CURE incorporating civic engagement
education might include learning objectives which state that “students will
be able to identify the role of community partners in mitigating air pollution”
and “students will create a one-page white paper describing the implications
of air quality on public health in the region.”

Importantly, I recommend that CURE facilitators consider how broader
relevance learning objectives complement the other pedagogical and
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research-oriented goals of the course so as to ensure that an integrated
experience is achieved for all involved.

Step 2: Aligning Assessments and Activities to Broader Relevance
Learning Objectives
After learning objectives related to broader relevance have been stated,
CURE facilitators can employ a backward design approach (Cooper et al.,
2017) to identify assessments and activities that align to that/those
objective(s). Assessment should be ongoing and make use of both formative
and summative approaches (e.g., one-minute papers, final white papers).
Similarly, instructional activities should not simply be a “once and done”
ordeal. Rather, such activities should be scaffolded throughout the CURE to
further the achievement of broader relevance in the course.

Step 3: Reflecting on Successes and Challenges
Opportunities for reflection can yield meaningful insights into the benefits
and barriers associated with implementing a CURE (e.g., Shortlidge et al.,
2016), including those specifically related to the broader relevance
component of the course. For this reason, the last step of the framework
encourages CURE facilitators to be purposeful in describing the value of their
broader relevance efforts, the success of those efforts, and the areas of
potential improvement moving forward. Beyond being informative to the
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facilitator themself, these field notes (if you will) can also provide valuable
details to others interested in adopting similar approaches.

Importantly, these recommendations and the conclusions presented herein
are not intended to be the only interpretation available for broader
relevance. Instead, they are meant as guidance for those who are seeking to
achieve optimal integration of broader relevance within their CUREs.
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Appendices
Appendix 1. Biology 1107/1108 Pollinator Affinity Research Group Syllabus.

POLLINATOR AFFINITY RESEARCH GROUP
Biology 1107 (CRN 19037)/ Biology 1108 (CRN 16736)

Fall Semester 2017
MW 9:00-11:50 AM, Biology Building Room 206
The University of Texas at El Paso
Eli Greenbaum Ph.D.
Lab Manager
Teresa Mayfield
tmayfield@utep.edu
915-747-5479
Office: Biology B209

Instructor of Record
egreenbaum2@utep.edu 915-747-5553
Biology B301
Field Manager
Kevin Floyd Ph.D.
kwfloyd@utep.edu
915-747-7709
Office: Biology B101

Office:

Teaching Assistant
Mark Teshera
msteshera@miners.utep.edu

Office hours
Greenbaum – TBA: email for appointment times
Mayfield – Mondays 2:00-4:00 PM, Thursdays 10:00 AM-noon
Required Text and Materials
LAB COAT
This laboratory requires a lab coat. You will not be able to participate in lab activities
without proper attire and safety equipment. Failure to come prepared may result in a
grade reduction. You may purchase a lab coat at the university bookstore, at any
uniform supply store in El Paso, or online.
BLACKBOARD ACCESS
This laboratory will rely on the use of Blackboard for assignments, quizzes, and
communication. If you have difficulty accessing Blackboard, please notify an instructor
immediately for assistance.
Course Description
Overview and Laboratory Objectives: This lab is a Course-Based Undergraduate
Research Experience (CURE) meant to give students the opportunity to collaborate and
use scientific practices to discover and complete broadly relevant or important work.
This CURE will allow students to explore pollination in the Chihuahuan Desert through
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completion of fieldwork, collection and curation of biological specimens, and use of
global biodiversity databases. Students will communicate the research process and
results via a museum exhibition. In this course students will:
• Recognize the importance of biological specimens and their data to research
• Discover the variety of local pollinator and plant species
• Practice biodiversity collection management
• Demonstrate the ability to work collaboratively
• Construct a viable research question
• Design and implement an experiment to answer a research question
• Interpret results from a research experiment
• Communicate research to the scientific community
• Communicate research to the general public
• Examine the difference between scientific communication and communication to
the general public
• Evaluate various forms of scientific communication
Course Policies
Blackboard, Dropbox, and computer access: You must be able to access and use
Blackboard and download some material from Dropbox. All lectures, assignments, and
course communications will be provided through the course Blackboard site.
Attendance & Participation: Laboratories are a REQUIRED and ESSENTIAL part of
an education in biology. In the absence of a valid University recognized excuse, there
will be no opportunity to make up a missed lab. Quizzes, directions, and explanations
will generally be given at the beginning of lab. Failure to be punctual each lab will result
in lower evaluation scores from team members. Inability to show up to a lab without a
valid excuse will be detrimental to your learning experience and will likely result in a
lower course grade.
Excused and unexcused absences: You must attend the lab section that you are
enrolled in and complete all lab assignments to get credit for them. If you have a
serious illness or a legitimate excuse (includes military personnel called to active duty or
training) for an absence, arrange with an instructor before your leave. The majority of
the work in this lab involves working in a group; it is essential that you speak with your
lab group if you have missed a lab or have an upcoming excused absence.
You must comply with all safety regulations: Students are expected to be familiar
with general lab safety as covered in the UTEP Biodiversity Collections Policies and
Procedures. Additional safety procedures may be covered for each individual activity.
Proper attire: Along with the required laboratory coat, students are expected to dress
appropriately and according to Environmental Health & Safety (EH&S) policies. This
includes clothing that covers vulnerable areas of the body, i.e. CLOSED TOE
SHOES, shirts with sleeves, and long pants – no shorts, dresses, skirts, tank
tops, or midriffs. Any student wearing open-toed shoes or inappropriate clothing will
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not be allowed to participate in the lab (regardless of the assignment). Lack of
participation will result in lower evaluation scores from group members.
Preparation: Students who prepare for the laboratory meetings ultimately have a better
performance record in the course. Prepare for each session by reading the assigned
material and completing any pre-lab tasks provided before coming to lab. Quizzes and
impromptu presentations may be given at the beginning of any lab meeting.
In-Laboratory Performance: Part of your overall laboratory grade will be based on how
you conduct yourself in the laboratory and on your willingness to work as a group with
your classmates to develop and implement research and present results.
Assignments: Many labs will include in-lab assignments. Assignment instructions may
be posted before the lab or may be presented while in lab.
Late work: Late work is not accepted. This includes arriving to lab after a quiz has
been completed, failing to complete a peer assessment, or missing any other deadline.
To minimize the effects of the occasional missed assignment or quiz, you may earn up
to 50 points of extra credit by completing various tasks related to collection
management. See the section below for more details.

Grading Guidelines
Quizzes: will be administered on Blackboard and may or may not be timed or open
reading and given in or outside of lab. You should read the required material before
completing a quiz, which may mean that reading will be required outside of lab for a
quiz in-lab. In-lab quizzes will generally be given at the beginning of the lab, if you
are late and arrive after the quiz is over, you will receive a zero.
Lab duties: are part of being a member of a research group. As this lab is making use
of the UTEP Biodiversity Collections (UTEP-BC), members will contribute to the mission
of the UTEP-BC by photographing and recording data for 25 insect specimens and 25
herbarium sheets each. This task can be completed at any time during the semester
prior to the drop deadline (Nov 3rd), but must be scheduled at least 48 hours in advance.
Research skills assignments: will be explained in the lab or on Blackboard and may
be due at the end of lab or at some time before the next lab.
Group Research Project: Students will participate in self-directed group research
projects using knowledge and skills gained during the first third of the semester. The
result of this project will be a research paper and presentation of the paper to the rest of
the class. Part of the project grade will be an assessment of individual participation by
group members. The research paper and presentation will be assessed individually
based on assigned roles (e.g., principal investigator, data analyst), and as a group
based on overall quality of the paper/presentation. The group portion of the grade will
be the same for every student in a given group.
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Lab Museum Exhibition: Students will participate in the development, installation and
presentation of a museum exhibition based upon the Group Research Projects
completed above. Students will hold an exhibition opening where they will have the
opportunity to discuss the exhibition with peers and visiting evaluators. The exhibition
will be created by the entire class working collaboratively in different groups than above.
Each group will be assigned a role, such as project manager, exhibit designer, and
creator of signage. Part of the exhibition grade will be an assessment of individual
participation by group members, part by the assigned group roles, and as a class based
on the overall quality of the exhibition and visitor evaluations.
Extra credit: Late work is not accepted, including arriving to lab after a quiz has been
completed. However, we understand that other obligations can occasionally interfere
with a student’s coursework. To minimize the effects of the occasional missed
assignment or quiz, or poor performance on an occasional assignment, students may
earn up to 50 points of extra credit by completing various tasks related to collection
management. Each hour of work in the collection is worth a maximum of 10 points. If
the work does not meet expectations, fewer points may be earned.

UTEP Policies
Drop Policy: November 3rd is the last day that a student may drop a class or officially
withdraw with an automatic "W". It is your responsibility to drop the course. No drops
will be allowed after this date. The instructor reserves the right to drop a student who
registers for the course and never attends a class. Note that if a student has an advisor
submit a drop request after the drop deadline without permission from the dean, the
instructor will be asked to assign a grade by the registrar, and that grade will be F.
Incomplete Grade Policy: All grades of Incomplete must be accompanied by an
Incomplete Contract that has been signed by the instructor of record, student,
departmental chair, and the dean. Although UTEP will allow a maximum of one year to
complete this contract, the College of Science requests it be limited to month based
upon completion data. A grade of Incomplete is only used in extraordinary
circumstances confined to a limited event such as a missed exam, project, or lab. If the
student has missed a significant amount of work (e.g. multiple assignments or tasks), a
grade of Incomplete is not appropriate or warranted.
Plagiarism/Academic Integrity Statement: "Cheating is unethical and not acceptable.
Plagiarism is using information or original wording from a paper or website without
giving credit to the source of that information or wording: it is also not acceptable.
Special measures will be made to detect plagiarized work on all written assignments
and exams. Do not submit work with your name that you did not do yourself. If you are
directly quoting the work of someone else, you should use quotation marks or italics. Do
not submit work for this class that you have prepared for another class. If you are
found to be cheating or plagiarizing, you will be subject to disciplinary action,
according to the UTEP policy." Source: UTEP Office of Student Conduct
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UTEP’s policies regarding academic integrity apply in this course. Students caught
cheating or plagiarizing on any assignments will receive disciplinary action and will be
reported to the Dean of Students. Information on this policy can be found at
http://admin.utep.edu/LinkClick.aspx?link=docs%2fStudent+Conduct+and+Discipline.pd
f&tabid=71896&mid=163588
Civility Statement: Please be respectful of all students’ right to learn without
disruptions. In line with this statement, please make an active effort to keep the talking
to a minimum during lectures and presentations. Also, either turn cell phones off or turn
them to vibrate mode prior to the start of class.
Accommodations: If you require or have documentation of need for specific
accommodations, you will need to contact the Center for Accommodations and Support
Services (CASS) within the first two weeks of classes. CASS can be reached at
http://sa.utep.edu/cass/ (915) 747-5148 or cass@utep.edu. It is located at the Union
Building East Room 106. Contact your instructors within the first three weeks of class.
Campus Carry: Persons holding a Concealed Handgun License can lawfully carry their
handgun into a UTEP classroom as long as the gun remains concealed. Open carry
remains prohibited on campus. In other words, none of us should see (or be able to tell
that there is) a gun at UTEP. Call the University Police at 747-5611 or dial 911 if you
see any individual on campus with a handgun or other type of weapon. For more
information on campus carry, see http://sa.utep.edu/campuscarry/; for more information
on overall campus safety, see http://admin.utep.edu/emergency. However, the
laboratory is a designated Exclusion Area, and no concealed handguns are permitted.

Description
QUIZZES AND LAB JOURNAL

Grades
Points Description
200

10 points per quiz, 100 points for lab journal

LAB DUTIES

100

2 points per insect specimen or herbarium
sheet

RESEARCH SKILLS
ASSIGNMENTS

200

10 points per assignment

GROUP RESEARCH
PROJECT

250

Part Individual, Part Group

LAB MUSEUM EXHIBITION

250

Part Individual, Part Group

TOTAL

1,000
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Final grades for the course will be as follows: 900–1000: A; 800–899: B; 700–799: C;
600–699: D; < 600: F. Please note that grades of any kind will not be provided via email
OR phone; students must come to office hours to receive grades if they are not present
to receive them in class or are unable to access Blackboard. All grades will be posted
to Blackboard.

Laboratory Schedule
The following schedule is subject to change based upon the need for reduced/additional
instruction in a given area or the timetables of student research projects.
Date

Description

Quiz

Assignments Due

Ind/Group

1. Team Member
Directory Card

Individual

Pre-assessment and
06-Sep Teambuilding

2. Task/Maintenance
Questionnaire

Individual

11-Sep Collecting Plants & Pollinators

2. Safety

3. iNaturalist
4. Trapping

13-Sep Prepare Specimens

3. Trapping skills

28-Aug Lab will not meet
Lab will not meet
30-Aug Pre-Lab Assignments are due

1. Syllabus/Reading

04-Sep Lab will not meet – Labor Day

Individual
Group
Individual

Identify Specimens and Record
18-Sep Data

4. Preparation skills

5. Pin pollinators
6. iNaturalist
identifications
7. Pinned specimen
identifications

20-Sep Construct a Research Question

5. Identification skills

8. Research question Individual

Literature Review and Data
25-Sep Introduction

6. Literature review
& data skills

9. Literature review

Group

10. Stats/Excel

Group

Project Management/Stats &
27-Sep Excel Primers
02-Oct Design a Research Experiment

Individual
Group

Group

7. Stats/Excel skills

Independent Research/Lab
04-Oct Duties

11. Design draft

Group

Independent Research/Lab
09-Oct Duties

12. Research Status
Report

Group

13. Research Status
Report

Group

Independent Research/Lab
11-Oct Duties
Independent Research/Lab
16-Oct Duties
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Date

Description

Quiz

Assignments Due

Ind/Group

14. Research Status
Report

Group

15. Research Status
Report

Group

03-Nov Drop Deadline

16. Draft Report

Group

Compile & Interpret Research
06-Nov Results

17. Draft Presentation

Group

Independent Research/Lab
18-Oct Duties
Independent Research/Lab
23-Oct Duties
Independent Research/Lab
25-Oct Duties
Independent Research/Lab
30-Oct Duties
Compile & Interpret Research
01-Nov Results

08-Nov Research Paper Presentations
13-Nov Museum Exhibition Primer
15-Nov Develop Museum Exhibition

8. Exhibition skills

18. Big Idea

Individual

22-Nov Exhibition Evaluation

9. Label copy &
specimen safety

19. Label Copy

Individual

27-Nov Develop Museum Exhibition

10. Evaluation

20. Evaluation

Individual

20-Nov Label Copy and Specimen Safety

29-Nov Develop Museum Exhibition
04-Dec Museum Exhibition Installation
06-Dec Museum Exhibition Opening
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Appendix 2. Pollinator CURE Questionnaire.

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Instructions: Below are several statements that may or may not reflect your views. For each item, please
assess, on a scale of 1 (strongly disagree) to 5 (strongly agree), to what extent each statement is true for
you.

1

Museum exhibits are important for educating the
public about nature and the environment.

1

2

3

4

5

2

Participating in citizen science activities is important
for my professional preparation.

1

2

3

4

5

3

I will use biological collections in my future
profession.

1

2

3

4

5

4

I enjoy visiting museums.

1

2

3

4

5

5

I read the signs at museums.

1

2

3

4

5

6

It is important that my research is communicated to
the broader scientific community.

1

2

3

4

5

7

It is important that my research is communicated to
the general public.

1

2

3

4

5

8

It is important that my research has direct relevance
for informing future scientific investigations.

1

2

3

4

5

9

It is important that my research has direct relevance
to the needs and interest of society.

1

2

3

4

5

10

Research questions should be guided by current
societal needs.

1

2

3

4

5

11

Input from the scientific community is important
when formulating a research question, interpreting
results, and drawing conclusions.

1

2

3

4

5

~~ Please continue to next page ~~
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Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Instructions: For each item below, please circle the number that best represents your confidence in your
ability. Do not spend a long time on each item, as your first reaction is probably the best one.

12

Write labels for items displayed in a museum
exhibit.

1

2

3

4

5

13

Assess the effectiveness of a museum exhibit at
communicating to the public.

1

2

3

4

5

14

Handle biological specimens.

1

2

3

4

5

I am confident in my ability to…

Instructions: For each statement below, please circle the number that best reflects your thinking about
the importance of each group to have a strong understanding of various aspects of research.

Not
Important

Slightly
Important

Moderately
Important

Important

Very
Important

In your opinion, how important is it for each of the following groups to have a strong understanding of…

15

Biologists

1

2

3

4

5

16

All scientists

1

2

3

4

5

17

Educators

1

2

3

4

5

18

General public

1

2

3

4

5

Not
Important

Slightly
Important

Moderately
Important

Important

Very
Important

the use of biological collections?

19

Biologists

1

2

3

4

5

20

All scientists

1

2

3

4

5

21

Educators

1

2

3

4

5

22

General public

1

2

3

4

5

the contributions of citizen
scientists to overall scientific
knowledge?

Instructions: Please answer the following questions honestly. Your responses will not impact your grade
for the course.
1. What aspects of designing the museum exhibit did you find most enjoyable, and why? Least
enjoyable, and why?
2. Did developing the museum exhibit change your perspective about the nature of scientific
research and how it is conducted? Please explain your answer.
3. In what ways did interaction with museum visitors impact your understanding of how to effectively
communicate science to the public?
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Appendix 3. Museum Education in CUREs Interview Protocol.

Protocol for CURE Facilitators:
CURE Overview and Museum Exhibit Development
1. What motivated you to incorporate development of a museum exhibit into your CURE?
2. What expectations did you have for students, both with respect to the CURE as a whole as
well as their participation in creation of the museum exhibit?
3. With respect to the museum exhibit project, were milestones and goals mostly met? Why, or
why not?
4. How, in your opinion, did students benefit from their participation in creation of the museum
exhibit?
5. How do you feel you benefited? In other words, how did the museum exhibit development
process impact you personally?
6. Conversely, what, in your opinion, were some of the key challenges that students faced as
they created the museum exhibit?
• How did students respond to those challenges?
• How did you respond to those challenges?
7. What were some of the challenges that you faced, and how did you respond to those
challenges?
8. Please briefly describe your experience working collaboratively with the museum curator and
your CURE co-instructor. What were the strengths and weaknesses of that partnership, and
why?
Additional Reflection and Looking Ahead
9. What impact do you feel the museum exhibit, once finalized and installed, had on the
campus community and the broader public?
10. What are some ways the CURE, as a whole, could be improved? The museum exhibit
component, specifically?
11. What would you do differently from a personal standpoint if this class were offered again?

Protocol for Museum Staff:
CURE Overview and Museum Exhibit Development
1. What motivated you to incorporate the Pollinator CURE museum exhibit into the Centennial
Museum rotating collections?
2. What expectations did you have for students, with respect to their participation in creation of
the museum exhibit?
3. With respect to the museum exhibit project, were milestones and goals mostly met? Why, or
why not?
4. How, in your opinion, did students benefit from their participation in creation of the museum
exhibit?
5. How do you feel you benefited? In other words, how did the museum exhibit development
process impact you personally?
6. Conversely, what, in your opinion, were some of the key challenges that students faced as
they created the museum exhibit?
• How did students respond to those challenges?
• How did you respond to those challenges?
7. What were some of the challenges that you faced, and how did you respond to those
challenges?
8. Please briefly describe your experience working collaboratively with the CURE coinstructors. What were the strengths and weaknesses of that partnership, and why?
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Additional Reflection and Looking Ahead
9. What impact do you feel the museum exhibit, once finalized and installed, had on the
campus community and the broader public?
10. What are some ways the museum exhibit development process could be improved?
11. What would you do differently from a personal standpoint if this class were offered again?
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Appendix 4. Pollinator CURE Museum Exhibit Visitor Survey.

Instructions: Thank you for taking the time to provide feedback about the "Bee-friend our bees" museum
exhibit. Please complete the survey after viewing the entire exhibit. Please read each statement carefully
and indicate your level of agreement.
After viewing this exhibit:

I am aware that the desert
southwest is home to a wide variety
of native bees
I feel that I could locate and observe
native bees
I will be better able to distinguish
bees from flies and wasps
I am motivated to plant native
flowers in my garden
I understand what would be lost if
there were no more bees
I am able to tell the difference
between a honeybee and native
bees
I feel pride in the native bee
diversity of the El Paso area
I am less afraid of bees than before
viewing the exhibit

Neither
agree nor
disagree

Strongly
agree

Agree

o

o

o

o

o

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

o
o
o
o

o

o

o

o

o

o
o

o
o

o
o

o
o

o
o
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Disagree

Strongly
disagree

Tell us a little about yourself.
My status at UTEP is:

o
o
o
o
o

Undergraduate student
Graduate student
Faculty
Staff
Not affiliated

How did you hear about this exhibit?

o
o
o
o
o

An instructor
A friend
From a flyer posted at UTEP
Came to the museum for a different reason and decided to visit the exhibit
Other (please specify)

Other comments or suggestions?
Please write any other comments or suggestions you have about this exhibit.
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Nikki is a first-generation student who is both a STEMgrow alumna from the
El Paso Community College (EPCC) and a Louis Stokes Alliances for Minority
Participation (LSAMP) alumna from the University of Texas at El Paso
(UTEP). She completed her Bachelor of Science in Environmental Science
degree at UTEP in December 2019 and received the award for Outstanding
Graduating Senior in Environmental Science from the College of Science.
She then continued at UTEP by pursuing a Master’s of Science in
Environmental Science in January 2020. Throughout her time as a graduate
student, she worked as a research assistant, a teaching assistant, and a
community volunteer.
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